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Gottfried Schlaug,*t Lutz Jancke, Yanxiong Huang, Helmuth Steinmetz* Certain human talents, such as musical ability, have been associated with left-right differences in brain structure and function. In vivo magnetic resonance morphometry of the brain in musicians was used to measure the anatomical asymmetry of the planum temporale, a brain area containing auditory association cortex and previously shown to be a marker of structural and functional asymmetry. Musicians with perfect pitch revealed stronger leftward planum temporale asymmetry than nonmusicians or musicians without perfect pitch. The results indicate that outstanding musical ability is associated with increased leftward asymmetry of cortex subserving music-related functions.
A number of studies have demonstrated that the left hemisphere of the brain is dominant in the production and comprehension of language in the vast majority of persons (1) . (4) . However, processing strategies may differ among individuals depending on prior musical experience (or giftedness), as suggested by PET experiments (5) and by behavioral (6) and neurophysiological (7) studies. These proposed functional differences have only been related to anecdotal postmortem descriptions of gross anatomical differences in the brains of eminent musicians compared to nonmusicians as well as pronounced interhemispheric asymmetry mainly of temporal lobe structures (8) . In an unselected postmortem sample that established an anatomical marker for cerebral asymmetry, the size of a well-defined portion of the posterior superior temporal gyrus, termed the planum temporale (PT), was larger on the left side in the majority of brains (9) . Asymmetry of the PT has been increasingly accepted as a substrate of left hemisphere dominance for language-related auditory processing because (i) asymmetry of the PT first appears in higher primates, suggesting a relation with the evolution of language (10); (ii) the left PT coincides with the center of Wernicke's speech area as identified by lesion studies (11); (iii) macroscopic asymmetry of the PT correlates with cytoarchitectonic asymmetry of association cortices thought to play a role in higher order auditory processing (12) ; and (iv) asymmetry of the PT is correlated with handedness, with left-handers being anatomically more symmetrical (13) .
Rightward deviation from the usual pattem of cerebral asymmetry may be associated with increased giftedness for talents for which the right hemisphere is assumed to be important (14) . This proposed relation has been partially substantiated by connections between nonrighthandedness, atypical visuospatial lateralization, spatial giftedness, and musical talent (15) . We have used high-resolution in vivo magnetic resonance morphometry of the PT as an index of laterality in 30 healthy, right-handed professional musicians and compared the results with those from nonmusicians matched for age, sex, and handedness (16) (17) (18) We found that the PT was more lateralized to the left in musicians (P = 0.028). Possession of perfect pitch explained most of the variation in the degree of PT asymmetry among musicians (P < 0.001) (19) (20) (21) . Musicians with perfect pitch showed stronger leftward PT asymmetry compared to other musicians, whereas musicians without perfect pitch did not differ from controls (Table 1 and Fig. 1 ).
Our finding of increased leftward PT asymmetry among musicians should be seen in the following context. First, PET has demonstrated that the posterior superior temporal region, including the PT, is involved in music perception (5) . Second, in one postmortem myeloarchitectonic study of a musician with melody deafness after circumscribed brain injury, the lesion was centered on the left PT, sparing the primary auditory and inferior parietal cortex (22). Third, gross left-right asymmetry of the PT, as measured in our study, reflects cytoarchitectonic asymmetries of auditory association areas located on the PT (12) . Thus, our morphometric findings in musicians may suggest that the functional capacity of cortex shown to subserve musical functions increases with leftward structural asymmetry of this neural system. This result lends anatomical support to behavioral and electrophysiological evidence of a difference in lateralization of musical processing between musicians and nonmusicians, with more left-lateralized representation in musicians (6, 7) (6) . Animals in each control group were given an identical volume of 0.9% saline. The first group of animals was killed after 1 to 16 weeks and used for light microscopic evaluation of damage produced in the sensory epithelium of the utricle (7). The second group, killed after 1 to 16 weeks, was used for scanning electron microscopy (SEM) (8) in order to compare our results with those of Forge et al. (4) . In animals of the third group, an osmotic pump filled with [3Hlthymidine was implanted under the skin of the back with its output leading to a cannula inserted into the perilymphatic space before treatment with aminoglycoside (9) . These animals were killed after 1 to 16 weeks (10) .
Hair cell damage and loss was evident in the light microscopic sections and SEM analyses of tissue from gentamicin-treated animals ( Fig. 1) . Experimental animals had fewer hair cells than controls, particularly in the striolar region. Other signs or damage observed by light microscopy of SEM included nuclear pyknosis, nuclear swelling, vaccuolization, cytoplasmic extrusion, and stereocilia fusion. The extent of damage was variable at all survival times. At 1 or 2 weeks after gentamicin treatment, hair cell injury was limited primarily to the striolar region in 10 of 16 animals examined by SEM. In three of the animals damage was observed over a larger area, extending from the striola toward the periphery of the organ. Complete destruction of the sensory hair cells was observed in the remaining three animals. Four weeks after gentamicin administration, one animal displayed hair cell damage extending out from the striolar region; in the other animal blebbing and fusion of stereocilia were seen over the entire surface of the sensory epithelium. In the animal killed 4 months after gentamicin, the surface of the utricle continued to show damaged stereocilia bundles throughout the entire sensory epithelium. The average length of the sensory epithelium and the linear support cell density remained constant between the control and experimental animals ( Table 1 ) (1 1). However, the linear hair cell density was 51 to 85% lower in experimental animals than controls (P < 0.001). 
